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Description 

FIELD OF THE INVENTION 

[0001] This invention relates to solid-state electro- 5 
chemical devices capable of transporting ions through 
an electrolyte. Specifically, this invention relates to an 
apparatus for transporting ions through series planar 
structures which demonstrate improved electrical and 
pneumatic integrity. 

BACKGROUND OF THE INVENTION 

[0002] Conductive solids which transport ions, such 
as oxygen ions, are known in the art and are useful in 
many applications, including fuel cells, processes for 
producing, separating and purifying gases and gas 
sensing or monitoring. In certain applications, a series 
of electrolytic cells joined together provide increased 
electrochemical operation. An example of a series tubu- 
lar system used as a fuel cell is disclosed in U.S. Patent 
No. 4,431,715. 

[0003] Efficient operation of series tubular or planar 
cells has been compromised in prior art systems by in- 
herent weaknesses in system design and configuration. 
For example, individual electrolytic cells are commonly 
joined together by means generally known as an inter- 
connect, which seals the cells together and provides an 
electrical connection between the cells. Such intercon- 
nects often fail over time as the seals degrade at elevat- 
ed operating temperatures due to corrosion between the 
electrical conductor and the seal of the interconnect. 
[0004] Effective seals are difficult to form between the 
components making up these devices. For example, 
when silver or silver alloy based electrodes are em- 
ployed, the maximum temperature of the sealing mate- 
rial must be limited to the melting temperature of silver 
or silver alloy. Moreover, when glass is used as a sealing 
material, sufficient viscosity under operating tempera- 
ture must be maintained in order to retain a seal over 
sustained periods of time. Further problems have been 
experienced in prior art cells which are connected in se- 
ries due to limitations associated with manifolding the 
cells. Typical prior art interconnects often do not allow 
variation in configuration and manifolding of the electro- 
lyte cells because of loss in pneumatic integrity experi- 
enced when operating such systems. 
[0005] A solid electrolyte oxygen pump is presented 
in U.S. Patent 4,877,506 which possesses electrodes 
which are shaped to form a plurality of linear, parallel 
channels on facing surfaces of the electrolyte. The air 
feed is directed into the channels formed of the air elec- 
trode and oxygen formed during operation of the device 
is removed by passage through the electrolyte via chan- 
nels formed of the oxygen electrode or anode. A mon- 
olithic array is formed by stacking the cells with an in- 
terconnecting material between adjacent cells. 
[0006] U.S. Patent 4,490,445 discloses a solid oxide 



electrochemical energy converter which comprises al- 
ternating layers of solid oxide electrolyte plates and 
electrical conductor plates. Each electrolyte plate in- 
cludes a coating of a porous oxidizer electrode on a first 
surface of the electrolyte and a coating of a porous fuel 
electrode on a second surface of said the electrolyte. 
Each conductor plate includes groove networks formed 
by ridges which define gas passages on both surfaces 
of the conductor plate, such ridges being in electrical 
contact with the electrode coatings on next adjacent 
electrolytes. Each conductor plate also possesses a 
means for tapping electricity from or introducing elec- 
tricity into the converter. The conductor plates also pos- 
sess circumferential ridges arranged along the edges of 
the conductor plate to define gas seals, the ridges being 
in contact with surface coatings on next adjacent elec- 
trolyte plates which surface coatings possess the same 
composition as that of the electrode coatings. 
[0007] U.S. Patent 5,217,822 discloses a solid oxide 
electrolyte fuel cell comprising a a solid electrolyte ele- 
ment composed of zirconia stabilized with yttria, a po- 
rous anode plate essentially composed of nickel and zir- 
conia partly stabilized with magnesia, the anode plate 
having an integral portion serving as an anode, a porous 
cathode composed of lanthanum strontium manganite, 
a porous cathode plate composed of lanthanum stron- 
tium manganite and a separator composed of lantha- 
num chromite. The solid oxide electrolyte element, the 
cathode, the cathode plate and the separator are lami- 
nated on the anode plate in the enumerated order. The 
anode plate has formed on its surface opposite to the 
surface which contacts the solid electrolyte elements, a 
plurality of grooves in which a fuel gas flows. The cath- 
ode plate is also formed with a plurality of grooves in 
which an oxidizer gas flows on its surface facing the sol- 
id electrolyte element. After flowing in the grooves, the 
reaction gases pass through cavities in the electrode 
plates and are supplied to the solid electrolyte element. 
[0008] EP-A-572 018 discloses a planar solid oxide 
fuel cell arrangement. 

[0009] Electrochemical systems having improved in- 
terconnects between the cells to assure electrical and 
pneumatic integrity of the system are desired in order to 
provide sealing integrity between the cells and to pro- 
vide a series planar electrolytic cell system having sim- 
plified interconnection of the cells while permitting vari- 
ation in manifolding and configuration. 

SUMMARY OF THE INVENTION 

[0010] In accordance with the present invention, the 
solid state electrochemical structure for transporting 
ions includes a plurality of planar electrolytic cells joined 
together in series with electrical conductor means con- 
figured to provide electrical interconnection between 
each tubular or planar electrolytic cell, and further in- 
cludes sealing means for securing each electrical con- 
ductor to each contiguous tubular or planar cell with 
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which each is associated to provide a pneumatic seal 
while permitting variation in manifolding and process 
configuration. Particular advantages are achieved when 
the planar cells are manifolded in a cross-flow configu- 
ration. 

[001 1] The electrochemical devices of the present in- 
vention can be used for a variety of processes including 
the separating of any ionizable component from a feed- 
stream wherein such ionizable component is capable of 
being transported through the ionic conducting electro- 
lyte layer. For example, the ionizable component may 
be oxygen present in air wherein oxygen ions are 
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nents comprising the electrochemical device. Hydrogen 
can also be separated from a feed stream by fabricating 
the ionic conducting electrolyte layer from a ceramic 
which is capable of transporting the ionized hydrogen 
species. These devices can also be readily adapted to 
function as partial oxidation devices wherein an oxygen- 
containing feedstream is introduced into one set of gas 
passages situated in the interconnecting layer of the de- 
vice and a feedstock to be oxidized is introduced into 
the other set of gas passages whereby oxygen trans- 
ported through the electrolyte layers is contacted with 
the feedstock to be oxidized. 

[0012] Thus, the invention, as claimed, utilizes a first 
electrode and a second electrode. In the case wherein 
the ionic conducting electrolyte is chosen to conduct a 
negative ionic species such as in the case of separating 
oxygen from a oxygen -containing feedstream, the first 
electrode layer is the anode and the second electrode 
layer is the cathode. In the case wherein the ionic con- 
ducting electrolyte is chosen to conduct a positively 
charged ionic species such as in the case of separating 
hydrogen from a hydrogen-containing feedstream, the 
first electrode layer is the cathode and the second elec- 
trode layer is the anode. 

[0013] The electrochemical devices can be formed 
from a series of planar cells which are generally flat bod- 
ies having opposing surfaces, for convenience referred 
to as a first surface and a second surface. Each flat plate 
may have a thickness ranging from 1 0 ujti to about 1 
cm. A preferred thickness is from about 20 pm to about 
1 mm. The electrolyte is non-porous in order to prevent 
escape of gas from within the cell. The flat electrolytic 
cells are adapted with structural elements to receive 
gases therein, and each cell possesses one or more 
openings to provide communication between the cells 
when one or more stacks are manifolded. 
[0014] Suitable electrolytes for making the planar 
cells include oxygen ion conducting ceramic metal ox- 
ides such as zirconia, ceria, hafnia, bismuth oxide and 
the like or mixtures containing such oxides when oxygen 
ion transport is desired. Electrolytes of this type are dis- 
closed in U.S. Patent Nos. 4,725,346; 4,679,016; and 
5,021 , 1 37. The ceramic used in the electrolytes may be 
doped with other materials, such as calcia, yttria or 
strontia. Electrolytes such as beta alumina, NASI CON 



and the like may be used if sodium ion transport is de- 
sired. 

[001 5] An anode is associated with one surface of the 
flat plate, either the first surface or the second surface, 
while a cathode is associated with the opposing surface. 
In a particularly suitable planar cell, the anode is in the 
form of a coating adhered to the first surface of the plate 
and the cathode is in the form of a coating adhered to 
the second surface. Each planar cell of a multi-cell struc- 
ture has the anode thereof associated with the same 
surface as every other planar cell. 
[0016] The anode and cathode are porous or perme- 
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the electrode. Materials which are particularly suitable 
for use as electrodes (i.e. the cathode and anode) in- 
clude silver, alloys of silver, composites of silver or silver 
alloys with one or more oxide ion-conductive materials. 
Such alloys preferably contain at least 50% silver. Met- 
als which may be alloyed with silver or used instead of 
silver include palladium, platinum, gold and copper. In 
addition, some mixed conducting ceramic oxides may 
be used alone or in the form of composites with silver, 
including lanthanum strontium cobaltite, which is known 
to be particularly effective as an electrode for oxygen 
generation systems. 

[0017] The anodic and cathodic materials may be ap- 
plied to the respective surfaces of each planar cell by 
means known in the art. Such application methods in- 
clude sintering of a paste material applied by screen 
printing or conventional coating techniques, plasma 
spraying or sputtering. The coating of electrode material 
on the electrolyte is substantially continuous, i.e. there 
are no spaces or breaks in the coating. The placement 
of the anode on one surface of the electrolyte is prefer- 
ably coextensive with placement of the cathode on the 
opposing surface. The thickness of the anode or cath- 
ode on the ceramic electrolyte is generally between 
about 0.1 microns and about 100 microns, and prefera- 
bly between about 1 to about 20 microns. The electrode 
layers are preferably thin in order to allow movement of 
gases freely therethrough. When very thin electrodes 
are used it may be desirable to use a current conductor, 
such as a metallic grid or a composite of the electrode 
with a silver coating applied over the electrode to mini- 
mize sheet resistance. From an ion transport stand- 
point, very thin electrolytes are preferred so long as the 
electrolyte possesses sufficient structural integrity. 
From a structural standpoint, thicker electrolytes may be 
required, especially if there is, or could be, a significant 
pressure differential across the electrolyte. 
[0018] Planar cells can be connected in series by 
stacking wherein the substantially flat cells are likewise 
connected electrically by such interconnects. Likewise, 
aligning several planar cells in a stack arrangement is 
more advantageous than employing a single long planar 
cell because sheet resistance is reduced accordingly. 
[0019] The interconnects of the tubular and planar 
systems are configured to form an electrical connection 
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between the anode of one cell and the cathode of an 
adjacent cell. The interconnects are formed of highly 
electrically conductive, substantially non-ionically con- 
ductive non-porous material which is preferably resist- 
ant to oxidation. The material used lor the interconnects 
must also have a thermal expansion coefficient compat- 
ible with that of the material used to form the tubular or 
planar cells. Thus, when the tubular or planar cells ex- 
pand under high temperature, the interconnects will sim- 
ilarly expand without damaging the individual cells or in- 
terconnects. 

[0020] Examples of materials which may be used to 
form the interconnects include electrically conducting 
oxides like LSM (lanthanum strontium manganite), LSCr 
(ianihanum sirontium chromiie), LCrvi (ianihanum caici- 
um manganite) and similar materials, and high chrome 
metat alloys such as InconeKB) (600 series) (76% Ni, 
15.5% Cr, 8% Fe) or stainless steel (400 series) and 
similar corrosion resistant metals. A particularly suitable 
material for the interconnect is La x Sr 1 . x Mn0 3 wherein x 
ranges from 0.2 to 0.7. 

[0021] The interconnects are joined to the tubular or 
planar cells by sealing means which provide a gas-tight 
seal thereby preventing leakage of oxygen or other gas- 
es from within the tubular cells or between contiguous 
planar cells. Sealing means are formed between the 
electrolyte and the interconnect in a manner which pro- 
vides a separation between the electrical pathway and 
the sealing means. Separation of the sealing means 
from the electrical pathway, in addition to the configura- 
tion of the interconnect, prevents deterioration of the 
seal resulting from high temperature operation of the 
electrochemical device. 

[0022] The sealing means comprises a sealant mate- 
rial which provides a comprehensive, gas-tight barrier 
between specified components. For tubular cells, the 
sealing means provides a gas tight barrier between the 
feed and product gases and is situated between an end 
surface of the interconnect and the adjacent end surface 
of an electrolytic cell. For planar cells, the sealant is a 
gas tight barrier situated between two surfaces of an in- 
terconnect and adjacent cells in which case a compre- 
hensive, gastight barrier is provided between the feed 
gas, product gas and the external environment. 
[0023] The sealant material must also have a thermal 
expansion coefficient comparable to that of the intercon- 
nect material and the electrolyte. A particularly suitable 
sealant is a devitrifying glass, i.e. a glass material which, 
after being melted and thermally treated, converts to a 
glass/ceramic upon cooling. An example of a suitable 
devitrifying glass is a lithium alumino-silicate. Other ex- 
amples of suitable sealants include glass, glass-ceram- 
ic composites, glass-metal composites, oxidation resist- 
ant metal alloys, brazes such as Ag/Pd alloys and the 
like. 

[0024] in a first embodiment of the planar system, an 
electrically conducting interconnect layer having gas 
passages formed on its surfaces is positioned between 



two planar electrolytic cells. Communicating layers of 
conductive material join the anode layer of one cell to 
the first surface of the interconnect layer, and join the 
second surface of the interconnect layer to the cathode 

5 layer of an adjacent cell thereby forming an electron 
path between the electrodes via the electrically conduct- 
ing interconnect layer. Sealant is placed relative to the 
interconnect layers and the planar cells in a manner 
which forms a seal therebetween but is remote from the 

to electrical pathway of the interconnect layer. The con- 
ductive material positioned between the electrode lay- 
ers and the interconnect layer may be a conductive met- 
al such as silver, a silver alloy, platinum, a paste of the 
electrode or interconnect materials, and the like. 

~>5 [0025] The planar system can be cunuyurod io aiiow 
for a variety of manifolding or stacking arrangements 
while maintaining electrical and pneumatic integrity of 
the system. End plates and coupling structure are pro- 
vided which, when placed at the end of a series of planar 

20 cells, permits stacking, or aggregation, of numerous pla- 
nar cells. There is provided a positive end plate which 
forms an electrical connection with the anode of a ter- 
minal planar cell, and a negative end plate which forms 
an electrical connection with the cathode of a terminal 

25 planar cell. The end plates are made from electrically 
conductive materials as described previously in connec- 
tion with the interconnect layers and may have gas pas- 
sages on the surfaces adjacent to the electrode layers. 
The end plates are formed to the ends of the planar cells 

30 as described with respect to the interconnect layers and 
sealing means are positioned to provide a pneumatic 
seal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

[0026] In the drawings, which illustrate what is cur- 
rently considered to be the best mode for carrying out 
the invention, 

40 FIG. 1 illustrates an electrochemical structure com- 
prising a first planar cell and a second planar cell 
which are joined in series by an interconnect posi- 
tioned between such first planar cell and the second 
planar cell; 

45 

FIG. 2 further illustrates the electrochemical struc- 
ture according to FIG. 1 1 wherein the cells are man- 
ifolded to capture product formed during operation. 

so FIG. 3 illustrates an alternative embodiment for sep- 
arating oxygen from air which employs a plurality of 
stacks connected pneumatically in parallel via col- 
lection manifolds. 

55 DETAILED DESCRIPTION OF THE INVENTION 

[0027] FIG. 1 presents an embodiment of the present 
invention wherein a plurality of planar solid electrolyte 
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cells are integrated in a series configuration. As shown 
in FIG. 1 , the electrochemical structure 31 0 of the inven- 
tion includes a plurality of electrolytic cells 312, 314 
joined together by an electrically conducting intercon- 
nect layer 316. Interconnect layer 317 would likewise to 
used to join electrolytic cell 314 and another electrolytic 
eel! or would form the terminus of the device via an end 
cap (not shown). The electrolytic cells 312, 314 consist 
of ion conducting electrolyte layers 318 and 320 having 
a first surface and a second surface. The ion conducting 
electrolyte layers 318, 320 of the electrolytic cell 312, 
314 are about 5 jim to 1 mm thick. 
r0028] The electrolyte layers 31 8, 320 may be formed 
of materials such as zirconia, hafnia, bismuth oxide, ce- 
ria used in Lriw tubular" design oiTiuOdiinorit and are pref- 
erably formed from a multicomponent ionic conducting 
metallic oxide comprising an oxide of at least two differ- 
ent metals or a mixture of at least two different metal 
oxides wherein the multicomponent metallic oxide dem- 
onstrates ionic conductivity at device operating temper- 
atures, typically greater than about 500*C. Such ionical- 
ly conducting multicomponent metallic oxides are rep- 
resented by the formula \K x A\'O r where A, A', A" may 
be independently selected from Groups 2, 3, 1 3, 1 4 and 
15, the F block lanthanides and the D block transition 
metals according to the Periodic Table of the Elements 
adopted by the IUPAC wherein 0<x<1, 0<x'<1, 0<x"<1, 
x+x'+x"=1 and z is a number which renders the com- 
pound charge neutral. A representative example is 
Y o i82 Zr o.8ie°i.909 wnicn nas an oxv 9 en ionic conduc- 
tivity of 0.1 ohm^cm- 1 at 1000°C and an ionic transport 
number (the ratio of the ionic conductivity to the total 
conductivity) of close to 1. Other examples include 

Sr 0.1 Ce 0.9°1.9 and B '0.875 V 0.125°0.687- 

[0029] Anode layers 326, 328 are formed to the first 
surface of the electrolyte layers 318, 320 of the cells 
312, 314. The anode layers 326, 328 can be formed 
from an oxidation-resistant metal, an alloy or a multi- 
component mixed conducting oxide represented by the 
formula A x A , x -AVB y B , yl B ,, y .0 3 . 2 , where A, A', A" are cho- 
sen from the group comprising Groups 1, 2 and 3 and 
the F block lanthanides; and B.B'.B" are chosen from 
the D block transition metals according to the Periodic 
Table of the Elements adopted by the IUPAC wherein 
0<xs1, 0<x'£1, 0sx B £1, 0<ysl, 0<y"<1, 
x+x'+x"=1, y+y'+y"=1 and z is a number which renders 
the compound charge neutral, or a metal (or alloy) or a 
mixture of the two. For example the anode layers 326, 
328 can be formed from La x Sr 1 . x Co0 3 _ z wherein x rang- 
es from 0.2 to 1 .0 and z is a number which renders the 
compound charge neutral (lanthanum strontium cobal- 
tite or LSCO) with an intermediate coating of lanthanum 
strontium cobaltite and silver or silver-palladium alloy is 
applied to the first surface of the electrolyte 318, 320. 
The coating can be attached by sintering of a paste, ap- 
plied, for example, by screen printing or by sputtering, 
or other techniques welt known in the art. The thickness 
of the anode 326, 328 is about 0.1 to 100 microns. 



[0030] Cathode layers 330, 332 are formed to the sec- 
ond surface of electrolyte layers 318, 320 of the cells 
312, 314. Cathode layers 330, 332 may comprise a 
coating of an oxidation-resistant metal, an alloy or a mul- 

5 ticomponent mixed conducting oxide according to the 
previously described formula For example, LSCO may 
be placed on the electrolyte with an intermediate coating 
thereover of LSCO-silver alloy, such alloy having at least 
50% silver as a component thereof. Cathode layers 330, 

w 332 are formed to the second surface of electrolyte lay- 
ers 318, 320 in a manner similar to that of anode layers 
326, 328. The thickness of the cathode material is about 
0.1 to 100 microns. The coating of anode layers 326, 
328 on the first surface of electrolyte layers 31 8, 320 is 

, r ^ * :. . _ ...:*u *i * : * *i 1- I — n r\r\r\ 
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on the second surface of the electrolyte layer. 
[0031] Particularly suitable materials for fabricating 
the anode layer and cathode layer of this planar embod- 
iment include lanthanum strontium cobaltite, lanthanum 

20 strontium cobalt ferrite, lanthanum barium cobaltite, 
strontium cobalt ferrite and lanthanum barium cobalt fer- 
rite. Alternately, the cathode and anode layers may ad- 
ditionally contain silver or an alloy of silver. 
[0032] Adjacent electrolytic cells 312, 314 are joined 

2S together by an interconnect layer 31 6. The interconnect 
layer 31 6 is made of an oxidation resistant material hav- 
ing a thermal expansion coefficient comparable to elec- 
trolyte layers 318, 320, a high electronic conductivity 
and low ionic conductivity. The material can be a multi- 

30 component, electronically conducting oxide of the com- 
position previously described, a metal or alloy, or a mix- 
ture of the two. Suitable electronically conducting oxides 
include lanthanum strontium manganite, lanthanum 
strontium chromite, lanthanum calcium manganite and 

35 lanthanum calcium chromite. Channels are formed, e. 
g., by pressing or layering tapes, in the second surfaces 
of the interconnects. Gas passages 322, 324 are formed 
between the first surface of the interconnect and the ad- 
jacent anode 326, 328, and serve to collect the product 

40 oxygen. Gas passages 300, 302 are formed between 
the second surface of the interconnect layer and the ad- 
jacent cathode layer 332 and serve to introduce the feed 
oxygen -containing gas to the device. 
[0033] The respective gas passages for introducing 

45 the feed gas into the device and the gas passages for 
collecting the oxygen product or other gaseous product 
can be configured in a fashion to accommodate the 
manifolding desired for a particular application. Prefer- 
ably, the respective gas passages are configured such 

50 that the passages for introducing the oxygen -containing 
gas run in a direction substantially perpendicular to the 
gas passages employed to collect the oxygen produced 
in the device. Thus, manifolds can be conveniently at- 
tached to one, two or more cells. Alternately, the respec- 

55 tive gas passages are configured such that the passag- 
es for introducing oxygen-containing gas run in a direct 
substantially parallel to the gas passages employed to 
collect the oxygen product thereby allowing co-current 
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or counter-current flow schemes. Of course, the orien- 
tation of the respective gas passages can be varied be- 
tween such extremes. 

[0034] As illustrated by FIG. 1 , the first surface of the 
interconnect layer 316 is adjacent the anode layer 326 
of cell 31 2. A conductive material 340, 341 such as silver 
or silver alloy or the material of the anode layer or inter- 
connect layer, may optionally be formed between the 
anode layer 326 and the interconnect layer 316 and an- 
ode layer 328 and the interconnect layer 317. Similarly, 
the second surface (not shown) of the interconnect layer 
316 is adjacent the cathode layer 332 of cell 314, and a 
conductive material 342 may optionally be formed be- 
tween the interconnect layer 316 and the cathode layer 
332. The conductive mSteria! 340, 342 serves to direct 
electrons from the anode layer 326 to the interconnect 
layer 316, and from the interconnect layer 316 to the 
cathode layer 332. 

[0035] To effect a gas-tight seal between the cells 
312, 31 4 and the interconnect layer 316, sealing means 
in the form of a sealant are positioned therebetween. 
That is, a sealant 348 of a suitable composition such as 
devitrifying glass is formed between the interconnect 
layer 31 6 and two opposite edges of the second surface 
of the electrolyte 320 by placement of a bead of glass 
material thereabout. The bead is then heated to melt the 
material. The devitrifying glass material has a melting 
point less than that of any other component of the cell 
and heating of the sealant to form the seal does not af- 
fect the electrode material. Upon cooling, the devitrifying 
glass turns to a glass/ceramic. Similar beads of devitri- 
fying glass sealant 349, 350 are positioned between op- 
posite edges of the first surface of the adjacent electro- 
lyte layers 318, 320 and the interconnect layers 31 6, 31 7 
and are heated and cooled to form a gas-tight seal. Al- 
ternatively, the seals 348, 349 and 350 can be com- 
posed of a suitable oxidation resistant metal braze alloy 
such as Ag/Pd. It is notable that the sealant 348 on the 
second surface of the interconnect 316 is positioned so 
that it is separated from the electron pathway of the in- 
terconnect layer 316. Likewise, the sealant 350 on the 
first surface of the interconnect layer 317 is separated 
from the electron pathway of interconnect layer 317. 
[0036] Planar electrochemical cells can be produced 
by the following general procedure wherein the material 
for the cathode layer, anode layer, interconnect layer 
and electrolyte layer are chosen from any of the previ- 
ously enumerated materials. Initially, a coating of con- 
ducting material such as LSCO is applied to both the 
first and second surfaces of the desired electrolyte layer. 
The cells are then fired at a temperature ranging from 
1 050 to about 1 200°C. An intermediate coating of a mix- 
ture of LSCO and silver/palladium alloy is then placed 
on the LSCO coatings of the surfaces of each cell. A 
particularly suitable composition for the intermediate 
coating is about 75% LSCO to about 25% silver-palla- 
dium alloy. The ratio of silver to palladium in the alloy 
may vary, but a ratio of 70% to 30% is suitable. The in- 



termediate coating is fired to both surfaces of the cells 
at a temperature ranging from 1050 to about 1200°C. 
Alternately, both coatings may be fired simultaneously. 
The cells are then joined face-to-face and in electrical 

5 series by attachment of the interconnect layers. The in- 
terconnect layers are attached to the cells by application 
of the devitrifying glass which may be screen printed as 
a paste onto either the electrolyte plates or intercon- 
nects before assembly of the stack The stacks are fired 

10 at a temperature ranging from 900 to about 1 1 0O°C. 
[0037] In operation, an electrical voltage is applied 
across the end member interconnect layer at the top and 
bottom of the stack. The end member interconnect layer 
may have only one set of channels formed in their sur- 
faces adjacent to the electrode layers. Electrons flow 
from the anode layer on the first surface of an electrolyte 
layer through the pathway of the interconnect layer to 
the cathode layer of the adjacent cell. When the series 
stacked planar system is used, for example, in the pro- 

20 duction or enrichment of oxygen gas, a feed stream 
such as air or a process off-gas is passed through the 
gas passages 300, 302. Electrons at the cathode layer 
ionize oxygen molecules to oxygen ions. The oxygen 
ions pass through the electrolyte layer via the influence 

25 of an applied voltage differential to the anode layer 
where the electrons are given up and oxygen molecules 
are formed inside the gas passages 322, 324. The elec- 
trons given up at the anode layer continue to travel 
through the interconnect layer to the cathode layer of an 

30 adjacent cell where the process continues at that cell. 
[0038] The dimension of the gas passages formed in 
the interconnect layer may be optimized for specific 
functions and operating conditions of the stack of planar 
cells. For example, in a deoxygenating application when 

35 the feed gas contains <5% 0 2 and the objective is to 
remove oxygen from the stream to a level of < 1 ppm, 
the depth of the gas passages 300, 302 may be reduced 
to minimize the diffusion path length of oxygen to the 
cathode surface. In this instance, the depth can be < 1 

40 mm, while the width and spacing of the passages are 
set by considerations of pressure drop through the gas 
passages, the electrical sheet resistance of the cathode 
and the mechanical strength of the cell assembly. The 
gas passages may contain additional ribs, static mixers 

45 and other features to minimize gas phase diffusion re- 
sistance. 

[0039] The gas passages may be fabricated within the 
interconnect layer in a wide variety of shapes, in cross- 
section, such as rectangular, trapezoidal, semi-circular 

so and the like. The depth and spacing of the passages 
may be widely varied and optimum designs may be as- 
sessed for a given application without undue experi- 
mentation. For example, the depth of a passage may 
decrease with distance traversed across the surface of 

55 the electrode layer in order to increase the diffusional 
flux to the electrode surface of the component gas being 
transported through the electrolyte. In an alternate em- 
bodiment, (not illustrated) the individual gas passages 
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shown in FIG. 11 may be partially or totally replaced by 
means for minimizing gas phase diffusion resistance. A 
suitable means comprises a repeating network of iso- 
lated cylindrical, conical or rectangular pins, designed 
to distribute gas flow while minimizing pressure drop 
during operation. 

[0040] A plurality of planar electrolytic cells can be 
joined in series to another plurality of planar cells to pro- 
vide an integrated system of interconnected electrolytic 
cells as depicted in FIG. 2. Oxygen-containing gas feed 
may be introduced into the gas passages 400 via feed 
inlet 408 of manifold 401 and oxygen depleted gas is 
then withdrawn from the feed outlet 41 0 of manifold 402. 
The separated oxygen exuding from the gas passages 
422 may be coiiecied by manifolds 404, 406 aitached 
to faces of the stack perpendicular to the manifolds 401 , 
402 and exits via outlets 412 and 414. The manifolds 
are sealed to the faces of the stacks to prevent short- 
circuitry of adjacent cells, for example, with an electri- 
cally insulating devitrifying or glassy sealant. 
[0041] A direct current or rectified alternating current 
power supply 421 is connected across the end-member 
interconnects 41 6 and 41 8. When oxygen is being trans- 
ported through the electrolyte, the negative terminal of 
the power supply is connected to the end cathode inter- 
connect layer 416 (via an optional end plate or coating 
417) and the positive terminal is connected to the end 
anode interconnect layer 418 (also via optional end 
plate or coating 419). A sufficient voltage is applied 
across the stacks to drive current through the stacks 
causing the oxygen separation process to occur. 
[0042] In an alternative embodiment, for example, to 
separate oxygen from air, a plurality of stacks 506 may 
be connected pneumatically in parallel via their oxygen 
collection manifolds 500, 502 as illustrated in FIG. 3. 
The stacks may be mounted in a common air feed ple- 
num 504, further equipped with a gas distributor plate 
510, the spaces between the individual stacks being 
filled with an inert insulation (not shown). Electrical con- 
nection between stacks may be either in series or par- 
allel configurations, or a combination thereof as is con- 
ventional in the art. 

[0043] When the electrochemical device is operated 
to remove oxygen from an oxygen-containing gaseous 
mixture, such mixture is introduced into the stacks in 
parallel via manifold 500 and an oxygen depleted gas- 
eous mixture is collected via manifolds 502. The oxygen 
removed during operation of the device is collected via 
plenum 504. Alternately, the manifolds may be config- 
ured such that the oxygen-containing gaseous mixtures 
passes through alternating stacks in a series flow con- 
figuration. 

[0044] The electrochemical device of the present in- 
vention provides an interconnected series of planar 
electrolytic cells which maintains electrical and pneu- 
matic integrity during operation. The configuration of the 
interconnect and the placement of sealant provides a 
gastight barrier between the internal and external envi- 



ronments of the electrolytic cells while avoiding deteri- 
oration or corrosion of the seal due to high operating 
temperatures. 



Claims 

1 . An electrochemical solid-state device for transport- 
ing ions through an electrolyte comprising: a plural- 
ity of solid oxide planar electrolytic cells {312, 31 4), 
each electrolytic cell comprising an ion conducting 
electrolyte layer (318, 320), a first electrode layer 
situated contiguous to a first surface nf the electro- 
lyte layer and a second electrode layer situated con- 
tiguous to a second surtace ol the electrolyte layer, 
and an electrically conductive interconnect layer 
(31 6) being disposed in a face-to-face arrangement 
between the plurality of planar cells and providing 
a pathway for movement of electrons between the 
first electrode layer of the second planar electrolytic 
cell and the second electrode layer of the first planar 
electrolytic cell, characterised in that the solid oxide 
planar electrolytic cells (312, 314) are contiguously 
stacked in series by the electrically conductive in- 
terconnect layer (316) and by a sealing means 
(348) to form a gas-tight seal therebetween and in 
that, on the first surface, the interconnect layer 
forms at least one gas passage (322, 324) between 
the surface of the interconnect layer and the adja- 
cent electrode layer (332) for receiving a feed- 
stream containing a component capable of being 
transported ion icatly through the electrolyte, which 
first surface of the interconnect layer is connected 
to the second electrode layer of a first planar elec- 
trolytic cell (312), and in that a second surface of 
the interconnect layer is connected to the first elec- 
trode layer of a second planar electrolytic cell (31 4), 
wherein, on the second surface channels are 
formed by pressing or layering tapes and the inter- 
connect layer forms at least one gas passage (300, 
302) between the surface of the interconnect layer 
and the adjacent electrode layer (322, 324) for with- 
drawing the component being transferred through 
the electrolyte layer. 

2. The electrochemical device according to Claim 1 
where the gas passage on the first surface of the 
electrically conductive interconnect layer of each 
respective electrolytic cell are aligned substantially 
perpendicular to the gas passage on the second 
surface of the electrically conductive interconnect 
layer. 

3. The electrochemical device according to Claim 2 
55 wherein the gas passage on the first and second 

surfaces of the interconnect layer of each respec- 
tive electrolytic cell further comprise a means for re- 
ducing gas phase diffusion resistance. 
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4. The electrochemical device according to Claim 3 
wherein the means for minimizing gas phase diffu- 
sion resistance comprises pins, ribs or static mix- 
ers. 

5. The electrochemical device according to Claim 1 
wherein the ion conducting electrolyte layer of each 
planar electrolytic cell is independently selected 
from a multicomponent ionic conducting metallic 
oxide comprising an oxide of at least two different 
metals or a mixture of at least two different metal 
oxides. 

6. The electrochemical device according to Claim 5 
wherein the muiticomponent ionic conducting me- 
tallic oxide is represented by the formula 
A x A , x .A ,, x(l O z , where A.A'.A" may be independently 
selected from Groups 2, 3, 13, 14, and 15, the F 
block lanthanides and the D block transition metals 
according to the Periodic Table of the Elements 
adopted by the IUPAC wherein 0<x£1, 0<x'<1, 
0<x"<1 , x+x'+x'^l and z is a number which renders 
the compound charge neutral. 

7. The electrochemical device according to Claim 6 
wherein the multicomponent ionic conducting me- 
tallic oxide is selected from the group consisting of 
calcia-doped ceria, yttria-doped ceria, strontia- 
doped ceria, yttria-magnesia-doped zirconia, yttria- 
doped zirconia, bismuth -vanadium oxide, ceria and 
hafnia. 

8. The electrochemical device according to Claim 2 
wherein the anode layer and the cathode layer of 
each respective planar electrolytic cell independ- 
ently comprise a multicomponent mixed conducting 
oxide. 

9. The electrochemical device according to Claim 8 
wherein the multicomponent mixed conducting ox- 
ide is represented by the formula A X A' X , 
A" x .B y B' y .B n y .O z , where A,A', A" are chosen from the 
group comprising Groups 1 , 2 and 3 and the F block 
lanthanides; and B.B'.B" are chosen from the D 
block transition metals according to the Periodic Ta- 
ble of the Elements adopted by the IUPAC wherein 
0<x<1, 0<x'<1, (Kx n <1, 0<y'£1, 0<y'<1, 0<y"<1 ( 
x+x'+x fl = 1, y+y'+y"=1 and z is a number which 
renders the compound charge neutral. 

10. The electrochemical device according to Claim 9 
wherein the multicomponent mixed conducting ox- 
ide is selected from the group consisting of lantha- 
num strontium cobaltite, lanthanum strontium co- 
balt ferrite, lanthanum barium cobaltite, lanthanum 
barium cobalt ferrite and strontium cobalt ferrite. 

11. The electrochemical device according to Claim 1 



wherein the anode layer and the cathode layer of 
each respective planar electrolytic cell independ- 
ently comprise a metal or alloy. 

s 12. The electrochemical device according to Claim 11 
wherein the anode layer and the cathode layer of 
each respective planar electrolytic cell contain sil- 
ver. 

10 13. The electrochemical device according to claim 1 
wherein the electrically conductive interconnect lay- 
er comprises an oxidation-resistant metal or an al- 
loy 

7i> 14. The electrochemical device according to Claim 1 
wherein the electrically conductive interconnect lay- 
er of each respective planar electrolytic cell com- 
prises a multicomponent electronically conductive 
metallic oxide. 

20 

15. The electrochemical device according to Claim 14 
wherein the multicomponent electronically conduc- 
tive metallic oxide is selected from the group con- 
sisting of lanthanum strontium manganite, lantha- 

25 num strontium chromite and lanthanum calcium 
manganite and lanthanum calcium chromite. 

16. The electrochemical device according to Claim 2 
wherein the sealing means maintains a gas-tight 

30 seal at temperatures greater than 500° C and has a 
thermal expansion coefficient comparable to that of 
the electrically conductive interconnect layer and 
ion conducting electrolyte layer. 

35 17. The electrochemical device according to Claim 16 
wherein the sealing means is selected from the 
group consisting of devitrifying glass, glass, glass- 
ceramic composites, glass-metal composites, and 
oxidation resistant metal alloys and brazes. 



Patentanspruche 

1. Elektrochemische Vorrichtung im festen Zustand 
45 zum Trans port ieren von lonen durch einen Elektro- 
tyten mit: Mehreren planaren bzw. flachen Festoxid- 
Elektrolytzellen (312, 314), wobei jede Elektrolyt- 
zelle umfafM: eine ionenleitende Elektrolytschicht 
(31 8, 320), eine erste Elektrodenschicht, die im An- 
50 schiuB an eine erste Oberflache der Elektrolyt- 
schicht angeordnet ist, und eine zweite Elektroden- 
schicht, die angrenzend an eine zweite Oberflache 
der Elektrolytschicht angeordnet ist, und eine elek- 
trisch leitende Zwischenverbindungsschicht (316), 
55 die in einer Flache-an-Flache-Anordnung zwischen 
der Vielzahl der planaren Zellen angeordnet ist und 
eine Bahn fur die Bewegung von Elektronen zwi- 
schen der ersten Elektrodenschicht der zweiten 
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planaren Elektrolytzelle und der zweiten Elektro- 
denschicht der ersten planaren Elektrolytzelle be- 
reitstellt, dadurch gekennzeichnet, daG die plana- 
ren Festoxid-Elektrolytzellen (312, 314) angren- 
zend in Serie bzw. Reihe mittels der elektrisch lei- 5 
tenden Zwischenverbindungsschicht (31 6) und mit- 
tels einer Versiegeiungs- bzw. Dichtungseinrich- 
tung (348) gestapelt sind, um eine gasdichte Ver- 
siegelung bzw. Abdichtung dazwischen auszubil- 
den, und dadurch, daG die to 
Zwischenverbindungsschicht an der ersten Ober- 
flache mindestens eine Gaspassage (322, 324) 
zwischen der Oberflachs der Zwischfinverbin- 
dungsschicht und der benachbarten Elektroden- 
schicht (332) zum Aufnehmen einer Emspeisungs- 
strdmung ausbildet, die eine Komponente enthalt, 
die ionisch durch den Elektrolyten transportiert wer- 
den kann, wobei die erste Oberflache der Zwi- 
schenverbindungsschicht mit der zweiten Elektro- 
lytschicht einer ersten planaren Elektrolytzelle 20 
(312) verbunden ist, und dadurch, da(3 eine zweite 
Oberflache der Zwischenverbindungsschicht mit 
der ersten Elektrodenschicht einer zweiten plana- 
ren Elektrolytzelle (314) verbunden ist, wobei auf 
der zweiten Oberflache Kanale durch Pressen oder 25 
durch Streifenschichtung ausgebildet werden, und 
die Zwischenverbindungsschicht mindestens eine 
Gaspassage (300, 302) zwischen der Oberflache 
der Zwischenverbindungsschicht und der angren- 
zenden Elektrodenschicht (322, 324) ausbildet, um 30 
die Komponente abzuziehen, die durch die Elektro- 
lytschicht hindurchtransportiert wird. 

2. Elektrochemische Vorrichtung nach Anspruch 1, 

bei der die Gaspassagen auf der ersten Oberflache 35 
der elektrisch leitenden Zwischenverbindungs- 
schicht jeder jeweiligen Elektrolytzelle im wesentli- 
chen senkrecht zu den Gaspassagen auf der zwei- 
ten Oberflache der elektrisch leitenden Zwischen- 
verbindungsschicht ausgerichtet sind. 40 

3. Elektrochemische Vorrichtung nach Anspruch 2, 
bei der die Gaspassagen an den ersten und zweiten 
Oberflachen der Zwischenverbindungsschicht je- 
der Elektrolytzelle ferner eine Einrichtung zur Ver- 45 
ringerung des Gasphasen-Diffusions-Widerstan- 
des aufweisen. 

4. Elektrochemische Vorrichtung gemaR Anspruch 3, 

bei der die Einrichtung zur Minimierung des Gas- so 
phasen-Diffusions-Widerstandes Stifte, Rippen 
oder statische Mischer umfafBt. 



stens zweier Metalle oder ein Gemisch mindestens 
zweier verschiedenen Metalloxide umfaGt. 

6. Elektrochemische Vorrichtung nach Anspruch 5, 
bei der das mehrkomponentige. ionisch leitende 
Metalloxid durch die Formel A x A , x ,A M x "O z reprasen- 
tiert wird, wobei A, A', A" unabhangig aus den Grup- 
pen 2, 3, 13, 14 und 15, den F-Block-Lanthaniden 
und den D-Block-Ubergangsmetallen gemaB dem 
Periodensystem der Elemente, das von der IUPAC 
verwendet wird, ausgewahlt werden konnen, wobei 
0<x£1,0<x' S1,0<x"£1 1 x+x' +x M = 1 und 
7 fiinfl 7ahl ist w«lr:h9 die Verbindung ladunQsneL'- 
tral macht. 

7. Elektrochemische Vorrichtung nach Anspruch 6, 
bei der das mehrkomponentige, ionisch leitende 
Metalloxid aus einer Gruppe ausgewahlt wird, die 
besteht aus mit Calciumoxid (calcia) dotiertem Zer- 
oxid (certa), mit Yttriumoxid (yttria) dotiertem Zer- 
oxid (ceria), mit Strontiumoxid (strontia) dotiertem 
Zeroxid (ceria), mit Yttriumoxid(yttria)-Magnesium- 
oxid (magnesia) dotiertem Zirkonoxid (zirconia), mit 
Yttriumoxid (yttria) dotierem Zirkonoxid (zirconia), 
Bismuth-Vanadium-Oxid, Zeroxid (ceria) und Hafni- 
umoxid (hafnia). 

8. Elektrochemische Vorrichtung nach Anspruch 2, 
bei der die Anodenschicht und die Kathodenschicht 
jeder jeweiligen planaren bzw. fiachen Elektrolyt- 
zelle unabhangig ein mehrkomponentiges leiten- 
des Mischoxid aufweisen. 

9. Elektrochemische Vorrichtung nach Anspruch 8, 
bei der das mehrkomponentige leitende Mischoxid 
durch die Formel A x A' x ,A" x «B y) B , y,B n y ,O z re prasen- 
tiert wird, wobei A, A', A" aus der Gruppe ausge- 
wahlt wird, die die Gruppen 1, 2 und 3 und die F- 
Block-Lanthaniden umfaGt, und B, B', B" werden 
ausgewahlt aus den D-Block-Qbergangsmetallen, 
gemaB dem Periodensystem der Elemente, das 
von der IUPAC verwendet wird, wobei 0 < x < 1 , 0 
<x'<1,0<x u <1,0<y<1,0<y' <1,0<y"<1, 
x + x' +x" = 1 , y + y' + y n = 1 und z eine Zahl ist, 
welche die Verbindung tadungsneutral macht. 

10. Elektrochemische Vorrichtung nach Anspruch 9, 
bei der das mehrkomponentige leitende Mischoxid 
aus der Gruppe ausgewahlt wird, die Lanthan- 
Strontium-Kobaltit, Lanthan-Strontium-Kobalt-Fer- 
rit, Lanthan-Barium-Kobaitit, Lanthan-Barium-Ko- 
balt-Ferrit und Strontium-Kobalt-Ferrit besteht. 



5. Elektrochemische Vorrichtung nach Anspruch 1, 
bei der die ionenleitende Elektrolytschicht jeder pla- 
naren bzw. fiachen Elektrolytzelle unabhangig aus 
einem mehrkomponentigen ionisch leitenden Me- 
talloxid ausgewahlt wird, welches ein Oxid minde- 



11. Elektrochemische Vorrichtung nach Anspruch 1, 
55 bei der die Anodenschicht und die Kathodenschicht 
jeder jeweiligen planaren Elektrolytzelle unabhan- 
gig ein Metall Oder eine Legierung umfassen. 
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12. Elektrochemische Vorrichtung nach Anspruch 11, 
bei der die Anodenschicht und die Kathodenschicht 
jeder jeweiligen planaren Elektrolytzelle Silberent- 
halten. 

13. Elektrochemische Vorrichtung nach Anspruch 1, 
bei der die elektrisch leitende Zwischenverbin- 
dungsschicht ein oxidationswiderstandsfahiges 
Metall oder eine Legierung umfafit. 

14. Elektrochemische Vorrichtung nach Anspruch 1, 
bei der die elektrisch leitende Zwischenverbin- 
dungsschicht ieder ieweiligen nlanpran Elektrolyt- 
zelle ein mehrkomponentiges elektronisch leiten- 
des Metaiioxici umfafit. 

15. Elektrochemische Vorrichtung nach Anspruch 14, 
bei der das mehrkomponentige, elektronisch leiten- 
de Metalloxid aus der Gruppe ausgewahlt wird, die 
aus Lanthan-Strontium-Manganit, Lanthan-Stronti- 
um-Chromit, Lanthan-Catcium-Manganit und Lan- 
than-Calcium-Chromit besteht. 

16. Elektrochemische Vorrichtung nach Anspruch 2, 
bei der die Versiegelungs- bzw. Dichtungseinrich- 
tung eine gasdichte Versiegelung bzw. Dichtung bei 
Temperaturen aufrechterhalt, die hoher sind als 
500°C, und einen Warmeausdehnungskoeffizien- 
ten aufweist, der vergleichbar ist mit demjenigen 
der elektrisch leitenden Zwischenverbindungs- 
schicht und der ionenleitenden Elektrolytschicht. 

17. Elektrochemische Vorrichtung nach Anspruch 16, 
bei der die Versiegelungseinrichtung aus der Grup- 
pe ausgewahlt wird, die aus entglasendem Glas, 
Glas, GlasKeramik-Verbundwerkstoffen, Glas-Me- 
tall-Verbundwerkstoffen und oxydationswider- 
standsfahigen Metallegierungen und Loten be- 
steht. 



Revendicatlons 

1. Dispositif electrochimique a I'etat solide servant a 
transporter des ions a travers un electrolyte, 
comportant : plusieurs cellules electrolytiques pla- 
nes (31 2, 31 4) a oxyde solide, chaque cellule 6lec- 
trolytique comportant une couche d'electrolyte 
(318, 320) ioniquement conductrice, une premiere 
couche d'electrode situee en position contigue a 
une premiere surface de la couche d'electrolyte et 
une deuxieme couche d'electrolyte situSe en posi- 
tion contigue a une deuxieme surface de la couche 
d'electrolyte, et une couche d'interconnexion (316) 
eiectriquement conductrice disposee en agence- 
ment face a face entre les cellules planes et four- 
nissant un parcours pour le deplacement d'6lec- 
trons entre la premiere couche d'electrode de la 



deuxieme cellule electrolytique plane et la deuxie- 
me couche d'electrode de la premiere cellule elec- 
trolytique plane, caracterise en ce que les cellules 
electrolytiques planes (312, 314) a oxyde solide 

5 sont empilees en positions contigues en s£rie a 
I'aide de la couche d'interconnexion (316) electri- 
quement conductrice et d'un moyen d'etancheite 
(348), de maniere a assurer entre elles un joint 
d'etancheite aux gaz, et en ce que, sur la premiere 

to surface, la couche d'interconnexion forme au moins 
un passage pour le gaz (322, 324) entre la surface 
de la couche d'interconnexion et la couche d'elec- 
trnHo (332) sdjsce.nte, pour rscsvoir un ccculGmsnt 
d'alimentation contenant un composant apte a etre 

*5 transports ioniquement a travers I'electrolyte, la- 
quelle premiere surface de la couche d'intercon- 
nexion est connectee a la deuxieme couche d'elec- 
trode d'une premiere cellule electrolytique plane 
(312), et en ce qu'une deuxieme surface de la cou- 

20 che d'interconnexion est connectee a la premiere 
couche d'electrode d'une deuxieme cellule electro- 
lytique plane (314), tandis que, sur la deuxieme sur- 
face, des canaux sont formes en pressant ou en dis- 
posant des rubans en couche, la couche d'intercon- 

25 nexion formant au moins un passage pour le gaz 
(300, 302) entre la surface de la couche d'intercon- 
nexion et la couche d'electrode (322, 324) adjacen- 
te, pour extraire le composant transfers a travers la 
couche d'electrolyte. 

30 

2. Dispositif electrochimique selon la revendication 1 , 
dans lequel le passage pour le gaz prevu sur la pre- 
miere surface de la couche d'interconnexion elec- 
triquement conductrice de chaque cellule electroly- 
35 tique respective est aligne essentiellement a la per- 
pendiculaire du passage pour le gaz prevu sur la 
deuxieme surface de la couche d'interconnexion 
eiectriquement conductrice. 

40 3. Dispositif electrochimique selon la revendication 2, 
dans lequel le passage pour le gaz prevu sur la pre- 
miere et sur la deuxieme surface de la couche d'in- 
terconnexion de chaque cellule electrolytique res- 
pective comporte en outre un moyen pour reduire 

45 la resistance a la diffusion en phase gazeuse. 

4. Dispositif electrochimique selon la revendication 3, 
dans lequel le moyen pour minimiser la resistance 
a la diffusion en phase gazeuse comporte des co- 

50 lonnettes, des nervures ou des melangeurs stati- 
ques. 

5. Dispositif electrochimique selon la revendication 1 , 
dans lequel la couche d'electrolyte ioniquement 

55 conducteur de chaque cellule electrolytique plane 
est choisie independamment parmi un oxyde me- 
tallique ioniquement conducteur a plusieurs com- 
posants comportant un oxyde d'au moins deux me- 
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taux diffSrents ou un melange d'au moins deux oxy- 
des mStalliques diffSrents. 

6. Dispositif Slectrochimique selon la revendication 5, 
dans lequel Poxyde mStallique ioniquement con- 
ducted a plusieurs composants est represents par 
la formule A x A , x 'A" x -O z , dans laquelle A, A', A" peu- 
vent etre choisis indSpendamment parmi ies grou- 
pes 2, 3, 13, 14 et 15, Ies lanthanides du bloc F et 
Ies mStaux de transition du bloc D du tableau pS- 
riodique des elements adopts par I'lUPAC, avec 
0<x<1 , 0£x'£1 , 0<x"£1 , x+x'+x"=:1 , et z est un nom- 
bre qui annule la charge du compose. 

7. DispObiiif bieuiiocnimique seion ia revendication 6, 
dans lequel I'oxyde mStallique ioniquement con- 
ducteur a plusieurs composants est choisi dans 
('ensemble constitue de I'oxyde de cerium dope par 
I'oxyde de calcium, de I'oxyde de cerium dope" par 
I'yttria, de I'oxyde de cerium dope par I'oxyde de 
strontium, de la zircone dopSe par I'oxyde d'yttrium 
et la magnSsie, de la zircone dopee par I'oxyde d'yt- 
trium, de I'oxyde de bismuth et de vanadium, de 
I'oxyde de cerium et de I'oxyde d'hafnium. 

8. Dispositif Slectrochimique selon la revendication 2, 
dans lequel la couche d'anode et la couche de ca- 
thode de chaque cellule electrolytique plane res- 
pective comportent indSpendamment un oxyde 
conducteur mixte a plusieurs composants. 

9. Dispositif Slectrochimique selon la revendication 8, 
dans lequel I'oxyde conducteur mixte a plusieurs 
composants est represents par la formule \ft x , 
A" x «ByB , y.B"y» ,O z dans laquelle A, A', A° sont choi- 
sis dans le groupe comprenant tes groupes 1 , 2 et 
3 et Ies lanthanides du bloc F; et B p B\ B" sont choi- 
sis parmi les metaux de transition du bloc D du ta- 
bleau periodique des elements adopts par PIUPAC, 
avec 0<x<1 , 0<x'<1 , 0<x"<1 , 0<y<1 , 0sy'<1 , 0<y M <1 , 
x+x'+x u =1 et y+y'+y fl =1 , et z est un nombre qui neu- 
tralise la charge du composS. 

10. Dispositif electrochimique selon la revendication 9, 
dans lequel I'oxyde conducteur mixte a plusieurs 
composants est choisi dans I'ensemble constitue" 
de la cobaltite de strontium et de lanthane, de la 
ferrite de cobalt, de strontium et de lanthane, de la 
cobaltite de baryum et de lanthane, de la ferrite de 
cobalt, de baryum et de lanthane et de la ferrite de 
cobalt et de strontium. 

11. Dispositif Electrochimique selon la revendication 1, 
dans lequel la couche d'anode et la couche de ca- 
thode de chaque cellule Electrolytique plane res- 
pective comportent indSpendamment un metal ou 
un alliage. 



12. Dispositif Electrochimique selon la revendication 
11 , dans lequel la couche d'anode et la couche de 
cathode de chaque cellule Electrolytique plane res- 
pective contiennent de I'argent. 

5* 

13. Dispositif Electrochimique selon la revendication 1 , 
dans lequel la couche d'interconnexion Slectrique- 
ment conductrice comporte un mEtal ou un alliage 
rSsistant a t'oxydation. 

10 

14. Dispositif Electrochimique selon la revendication 1 , 
dans lequel la couche d'interconnexion Slectrique- 
ment nonduntrice de chaque ce!!'j!e electrolytique 
plane respective comporte un oxyde mStallique 

i5 electroniquement conducteur a plusieurs compo- 
sants. 

15. Dispositif Electrochimique selon la revendication 
14, dans lequel I'oxyde mStallique Slectronique- 

20 ment conducteur a plusieurs composants est choisi 
dans I'ensemble constitue de la manganite de 
strontium et de lanthane, de la chromite de stron- 
tium et de lanthane, de la manganite de calcium et 
de lanthane et de la chromite de calcium et de lan- 

25 thane. 

16. Dispositif Electrochimique selon la revendication 2, 
dans lequel te moyen d'etanchSitS maintient une 
EtanchSitS au gaz a des tempSratures supSrieures 

30 & 500° C et prSsente un coefficient de dilatation 
thermique comparable a celui de la couche d'inter- 
connexion Electriquement conductrice et de la cou- 
che d'Slectrolyte ioniquement conducteur. 

35 17. Dispositif electrochimique selon la revendication 7, 
dans lequel le moyen d'StanchSitS est choisi dans 
I'ensemble constituE du verre devitrtfiS, du verre, 
des composites de verre et de ceramique, des com- 
posites de verre et de mEtal, et des alliages et bra- 
40 sures mStalliques rSsistant a I'oxydation. 
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